
IEEE C802.16m-08_1109

	Project
	IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16>

	Title
	DL SU-MIMO codebooks

	Date Submitted
	2008-09-05

	Source(s)
	Yang Tang, Young Hoon Kwon, Tao Wu, Yajun Kou, Shahab Sanayei, Zhigang Rong, Jianmin Lu, Yinggang Du
Huawei

	E-mail: ytang@huawei.com 


	Re:
	PHY:MIMO; In response to the TGm call for contributions and comments on 802.16m-08/033 for Session 57

	Abstract
	Proposed for DL CL SU-MIMO codebooks

	Purpose
	To discuss and adopt in MIMO RG

	Notice
	This document does not represent the agreed views of the IEEE 802.16 Working Group or any of its subgroups. It represents only the views of the participants listed in the “Source(s)” field above. It is offered as a basis for discussion. It is not binding on the contributor(s), who reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16.

	Patent Policy
	The contributor is familiar with the IEEE-SA Patent Policy and Procedures:

<http://standards.ieee.org/guides/bylaws/sect6-7.html#6> and <http://standards.ieee.org/guides/opman/sect6.html#6.3>.

Further information is located at <http://standards.ieee.org/board/pat/pat-material.html> and <http://standards.ieee.org/board/pat>.


DL CL SU-MIMO Codebooks
Yang Tang, Young Hoon Kwon, Tao Wu, Yajun Kou, Shahab Sanayei,
 Zhigang Rong, Jianmin Lu, Yinggang Du

Huawei
Introduction
The codebook(s) for 2, 4 and 8 transmit antennas should be designed and selected based on performance, complexity and some other desirable properties.
1. Performance: With a fixed amount of feedback (in bits), the system throughput as well as each individual average throughput are desirable to be superb for a wide range of channel conditions: uncorrelated, correlated and dual-polarized.  
2. Complexity: 

a. With fixed amount of feedback, the codebook design is desirable to minimize the number of codewords searching. 

b. The codebook with constant modulus property is desirable to avoid the matrix multiplications. 

3. Power amplifier balance: Codebook design with constant modulus property is desirable to avoid the power imbalance.
4. Feedback overhead: The codebook design is desirable to support differential feedback to lower the feedback overhead.
5. Flexibility to extend to other MIMO scenarios: The codebook design should cover both SU-MIMO and MU-MIMO, which in general require different sizes of codebook. 

SU-MIMO codebook design
   The proposed SU-MIMO codebook design consists of the base codebook, the localized codebook(s) and corresponding scaling and rotation of the localized codebook(s).
1. Base codebook

The base codebook selection can be various depending on various design criteria. For example, in uncorrelated MIMO channel, DFT matrix is one of good options in the sense that the minimum chordal distance is maximized. The base codebook can be defined as
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denotes the number of codeword in the base codebook.
2. Localized codebook(s)
With the processing of scaling and rotation of the localized codebook, the elements in the localized codebook can be interpreted as a satellite codeword of the the base codebook. Figure 1 depicts the relation between base and localized codebooks. [image: image3.png]Base codebook
centroid Localized
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              Figure 1: Relation between base and localized codebooks
The localized codebook is defined as an
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is the number of the transmit antenna,
[image: image7.wmf]N

denotes the number of the codewords in the localized codebook. Without loss of generality, the centroid of the localized codebook is given as
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. In this proposal, the localized codebook is proposed with a constraint that the centroid
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has equal chordal distance from each codeword in 
[image: image10.wmf]N

local

C

. As a result, the localized codebook can be rewritten as 

 
[image: image11.wmf]ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ë

é

=

N

t

N

t

t

t

N

t

N

N

j

N

N

j

N

j

N

j

N

j

j

j

j

j

N

local

e

r

e

r

e

r

e

r

e

r

e

r

re

re

re

C

q

q

q

q

q

q

q

q

q

L

M

O

M

M

L

L

2

1

2

22

21

1

2

22

21

1

12

11


in which it is given that 
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 and the distance between the centroid and the codewords in the localized codebook is 
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a. Localized codebook scaling

The chordal distance between the centroid and the codewords in localized codebook can be scaled to accommodate various operation scenarios. In the case when the chordal distance is to be scaled to a value of
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where 
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 is the scaling factor.

b. Codeword rotation

With the proposed codeword rotation scheme, the vector
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 can be rotated to the codeword 
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. By doing so, the localized codebook can be also rotated to surround
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. As a result, the centroid of the rotated localized codebook becomes the codeword 
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   Step 1: Find a rotation matrix
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               Step 2: Rotate the localized codebook 
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                     The rotated localized codebook is denoted by 
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3. Codebook design

       The eventual codebook, denoted by 
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denotes the size of the codebook and 
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is the number of rank, can be obtained based on the scaled and rotated localized codebooks. It is noted that 
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a. Codebook refinements

In various deployment scenarios (e.g. MU-MIMO and SU-MIMO), the required quantization accuracy (or the size of the codebook) can be various. As a result, the codebook 
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can be further refined. More specifically, 
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can be taken as the base codebook. With predefined scaling factor and localized codebook, a new codebook can be easily obtained based the aforementioned procedure. 
b. Hierarchical structure

The inherent hierarchical structure of the proposed codebook can be depicted by Figure xx
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                           Figure 2: Diagram of the hierarchical structure of proposed codebook
In Figure 2, 
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N

 represents the localized codebook size associated with the i-th layer (refinement). 
It is noted that the inherent hierarchical structure of the proposed scheme can both simplify the codeword searching and facilitate the differential feedback. 

· Codeword searching

                  In the proposed codebook, the codeword searching can be simplified by the hierarchical structure. More specifically, in each layer, only the nodes which are associated with the selected nodes in the upper layer are considered. Consequently, for a codebook with 
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                 However, with the same size of the conventional codebook, 
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codewords should be entirely searched. It is obvious that the codeword searching complexity is significantly simplified by the proposed codebook design.

· Differential feedback
In the proposed codebook, the nodes associated with the same mother node in the upper layer systematically have higher correlations and near to each other in the hyperspace. This feature can easily facilitate the differential feedback and save the feedback overhead.  

4. Proposed Remedy
To add to the current text in Line 36, page 71

        In FDD and TDD systems, unitary codebook based precoding are supported. 

The following tables define the hierarchical structured codebooks for 2 Tx and 4 Tx antennas

             Table 6: 3-bit, 2x1 codebook V(2,1,3) for 2 Tx antennas
	Index
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	Binary Index
	000
	001
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	011
	100
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	110
	111

	Codeword
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             Table 7: 2-bit 2x2 codebook V(2,2,2) for 2 Tx antennas
	Index
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	00
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	11

	Codeword
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	Binary index
	0000
	0001
	0010
	0011

	Codeword

	[-0.5,

 -0.5,

 -0.4514-0.2151j,

 -0.4758+0.1536j]
	[-0.5j,

  0.1536-0.4758j

 -0.2151 -0.4514j

 -0.5j]
	[-0.2151 -0.4514j,

 -0.5j,

 -0.5j,

0.1536-0.4758j]
	[ 0.4514+0.2151j,

 0.4758-0.1536j,

 0.5,

 0.5]

	Index
	
[image: image75.wmf]1

,

4

5

16

c


	
[image: image76.wmf]1

,

4

6

16

c


	
[image: image77.wmf]1

,

4

7

16

c


	
[image: image78.wmf]1

,

4

8

16

c



	Binary index
	0100
	0101
	0110
	0111

	Codeword


	[-0.5,

 0.5j,

 0.4514+0.2151j,

 -0.1536-0.4758j]
	[-0.5j,

 -0.4758-0.1536j

 0.2151+0.4514j,

 0.5]
	[-0.2151-0.4514j,
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	[ 0.4514+0.2151j,
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	Binary index
	1000
	1001
	1010
	1011

	Codeword


	[-0.5,

 0.5,

 -0.4514-0.2151j,

 0.4758-0.1536j]
	[-0.5j,

 -0.1536+0.4758j,

 -0.2151-0.4514j,

 0.5j]
	[-0.2151-0.4514j,

 0.5j,

 -0.5j

 -0.1536+0.4758j]
	[ 0.4514+0.2151j,

 -0.4758+0.1536j,

  0.5,

 -0.5]

	Index
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	Binary index
	1100
	1101
	1110
	1111

	Codeword


	[-0.5,

 -0.5j,

 0.4514+0.2151j,

 0.1536+0.4758j]
	[-0.5j,

 0.4758+0.1536j,

 0.2151+0.4514j,

-0.5]
	[-0.2151-0.4514j,

 0.5,

 0.5j

 -0.4758-0.1536j]
	[ 0.4514+0.2151j,

 0.1536+0.4758j,

 -0.5,

 -0.5j]


                    Table 8: 4-bit 4x1 codebook V(4,1,4) for 4 Tx antennas

                 Table 9: 4-bit 4x2 codebook V(4,2,4) for 4 Tx antennas
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                 Table 10: 4-bit 4x3 codebook V(4,3,4) for 4 Tx antennas
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              Table 11: 2-bit 4x4 codebook V(4,4,2) for 4 Tx antennas
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Conclusions

1. The proposed codebook is unitary matrices based codebook with constant modulus.
2. The inherent hierarchical structure of the proposed can both simplify the codebook searching and facilitate the differential feedback.

3. The proposed codebook demonstrates good throughput performance in both uncorrelated channel and correlated channel.

4. The proposed codebook has full flexibility to be expended to any size of the codebook. 
Appendix : codebook constructions

I-1: Codebooks contruction for 2 Tx antennas
· Base codebook
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· Localized codebook 
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I-2: Codebooks contruction for 4 Tx antennas
· Base codebook
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· Localized codebook 
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Simulations:

	
	Codebook type
	IEEE802.16e

(6bit)
	Huawei Codebook

(4bit)
	DFT codebook

(4bit)DDDDDasd

	Correlated Channel
	Relative gain
	0%
	2.5%
	2 %

	Zero correlation
	Relative gain
	0%
	-2.9%
	-3%
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